Conflicts of interest in medicine has created deep concerns about the integrity of medicine and raised doubts about the trustworthiness of the medical professional. New stories of conflict of interest in medicine have become a commonplace. The interactions between the medical professional and the biomedical device as well as the pharmaceutical industry has become so pervasive that the primary interest of the medical professional in protecting and promoting the welfare of the patient has been compromised. The professional judgement and actions have been influenced by secondary interests, the major fungible and quantifiable being financial interest. The industry influence not only affects the way we practice orthopaedics but also affects medical education and peer review publications. Peer review publications have been shown to exaggerate benefits of the industry products while at the same time downplaying the risks. These conflicts of interest in orthopaedic surgery are particularly common in spinal and joint replacement surgery where joint replacement has been described as a 'fashion trade'. The introduction of new products appears to be an uncontrolled experiment which has been hijacked by large corporations. This article explores the unhealthy pervasive interaction between the orthopaedic surgeon and the medical devices as well as the pharmaceutical industry. It highlights how the biomedical and the pharmaceutical industry dominate all aspects of the healthcare system. With its wealth and political clout, its influence is present everywhere, from the use of devices and drugs, research, publications, trials, education and even formulation of CGPs. 
INTRODUCTION
'…[C]onflicts of interest creates deep concerns about the integrity of medicine, medical research and raises questions about the trustworthiness of physicians, and medical institutions' 1 .
Over the last two decades or so there have been some unprecedented changes in the way that biomedical research is conducted and published. New stories about conflicts of interest in medicine have become a commonplace in the USA and Europe and this has created deep concerns about the integrity of medicine. Editorials such as 'Is academic medicine for sale?' have appeared in the prestigious New England Journal Medicine 2 . The conflicts of interest is pervasive in all medical disciplines and has not spared orthopaedic surgery where there is availability of huge corporate funding for biomedical research, publications and marketing. These concerns of conflict of interest have prompted the US congress, state legislatures and federal agencies to express their desire to see more stringent measures to be put in place to regulate the medical profession and medical institutions involved in biomedical research, medical education, and medical practice as well in the development clinical practice guidlines 1 .
What is conflict of interest in medicine?
The Institute of Medicine (IOM) 2009 report1 on conflict of interest in medical research, education and practice has eloquently defined conflict of interest as 'circumstances that create a risk that professional judgements or actions regarding a primary interest will be unduly influenced by a secondary interest'. Primary interest includes ' promoting and protecting the integrity of research, the quality of medical education and the welfare of the patient' while the secondary interests include 'financial interest', 'pursuit of professional advancement' as well as 'the desire to do favours for friends, family, students, or colleagues'. The major 'objective fungible and quantifiable' secondary interest is without doubt financial 1 .
There are many areas of orthopaedic practice where conflicts of interest are pervasive. This review will explore some of the areas of orthopaedic practice where it is has attracted the most public scrutiny and backlash.
Spine surgeon and the medical device industry
In the year 2001 in the United States, 122,000 lumbar fusions were carried out for degenerative disease of the spine and this represented a 220% increase from 1990. This increase became more obvious after 1996 when fusion cages for spinal fusion became available. The increase in lumbar fusion from 1996 to 2001 was 113%, while for hip and knee arthroplasty it was only 13% and 15% respectively 3 . Studies show that a higher proportion of fusion procedures and the introduction of new spinal implants between the years 1993 to 1997 did not reduce re-operation rates. In fact the reoperation rates were higher in the late 1990's as compared to the early 1990's 4 . The cumulative incidence of reoperations for lumbar surgery for degenerative surgery is higher after fusion than spinal decompression alone 5 . It is well established that in symptomatic patients with spinal stenosis decompression of the spinal canal offers advantage over conservative treatment. However surgeons now offer fusion of the spine where a decompression of the spine would suffice. Deyo et al 6 in a study of 32,152 Medicare patients with spinal stenosis undergoing surgery, found that although the surgical rates fell slightly between 2002 and 2007, the rates of complex spinal fusions increased by 15- fold. The frequency of simple decompression and simple fusion reduced while complex fusion rates increased. The complex fusions were associated with increased risk of major complications, increased 30 day mortality and increased resources use. According to the authors the 15-fold increase in complex fusions in 6 years cannot be due to an increase in the number of patients with complex spinal pathology. They were of the opinion that introduction and marketing of new surgical devices and the influence of key opinion leaders is the likely reason for invasive procedures in the absences of new indications. Other possible reasons being financial incentives to hospitals and surgeons as well as the desire of surgeons to be innovators.
The influence of key opinion leaders and financial incentives for surgeons has hit the headlines in major US newspapers in recent years. Allegations of kickbacks to spine surgeons to use their products, relationship of surgeons to biomedical firms with financial arrangements involving this multibillion dollar industry have been highlighted 7 .
The Spine Journal, June issue 2011, gained attention from surgeons, researchers, patients, media, and industry when it focused attention on the controversial rhBMP-2 synthetic bone growth factor for use in spinal fusion surgery. It highlighted the limitation of industry sponsored research, bias in research development and reporting as well as weaknesses of peer review publications and inadequate disclosures and ethical shortcomings.
Recombinant human bone morphogenetic protein-2 (rhBMP-2), a bone growth factor was approved in 2002 by the FDA for single level anterior lumbar inter-body fusion with a threaded cage 8 . This approval was given even before the complex biological activities of the growth factor molecule were fully understood and to date it is still under study 9 . In fact, in 2002 Poynton and Lane 10 had in a review article on the use of rhBMP-2, highlighted possible safety issues with this product. They wrote that; 'safety issues associated with use of bone morphogenetic protein in spine applications include possibility of bony overgrowth, interaction with exposed Dura, cancer risk, systemic toxicity, reproductive toxicity, immunogenicity, local toxicity, osteoclastic activation and effects on distal organs.' However, they concluded that as far as the available data is concerned and if rhBMP-2 is used 'appropriately, placed accurately, not allowed to come in contact withdecompressed area and contained in the area of fusion' the use of rhBMP-2 is safe.
Notwithstanding the warning of possible safety issues with the use of rhBMP-2, around the same time, several small and large industry sponsored trials were published which highlighted the absences of any possible adverse events with use of rhBMP-2 in spinal surgery. In these industry sponsored publications 780 patients had received rhBMP-2 and the results were very similar in these studies with not even one adverse event reported 11 . The reported risk of adverse events in these publications, according to the review by Carragee et al 11 , was less than 0.5% with a 99% certainty which is one-fortieth the risk of adverse events with the use of NSAIDS or commonly used antibiotic 11 .
Although rhBMP-2 was approved by the FDA for use in a single level anterior interbody lumbar fusion, with the publication of such excellent results, surgeons extended the use of the product for off-label indications. In the US the use of rhBMP-2 increased from, in 0.7% of fusions in 2002 to 25% of fusions in 2006 12 . By 2007 rhBMP-2 was used in more than 50% of primary anterior lumbar inter-body fusions (ALIF), 43% of posterior lumbar inter-body fusion (PLIF)/ transforaminal lumbar inter-body fusions (TLIF) and in 30% of posterior lumbar fusions 13 . Smoljanovic et al 14 attributed this rapid increase in the use of rhBMP-2 to the good results published by industry sponsored trials which showed virtually no adverse effects with the use of rhBMP-2. Another reason for the increased use of rhBMP-2 was the reported complications of harvesting iliac crest bone graft (ICBG) by industry sponsored trials which reported 40% to 60% morbidity with harvesting of ICBG 11 .
From 2006 however things started to change when several publications reported serious complications with the use of rhBMP-2. The reported rates of complications ranged from 20% to 70% 11 which prompted the FDA in 2008 to issue a public health notification of life threatening complication with the use of rhbmp-2 in the cervical spine 15 . The notification warned of the following complications:
'These complications were associated with swelling of neck and throat tissue, which resulted in compression of the airway and/or neurological structures in the neck. Some reports describe difficulty swallowing, breathing or speaking. Severe dysphagia following cervical spine fusion using rhBMP products has also been reported in the literature… Most complications occurred between 2 and 14 days post-operatively with only a few events occurring prior to day 2. When airway complications occurred, medical intervention was frequently necessary. Similarly other complications such as retrograde ejaculation, urinary retention and infections were found to be higher with use of rhBMP-2 than the control groups, when a review of the original FDA data and non-industry publications was done, although these complications were not reported by the industry sponsored publications 11 . Bone overgrowth into spinal canal, radiculitis, osteolysis and loss of alignment complicating PLIF using rhBMP-2 were not reported by Haid et al 19 in an incomplete industry sponsored trial. Similarly with use of rhBMP-2 in anterior cervical fusions the industry sponsored trials did not report the high rates of wound problems, soft tissue swelling, graft subsidence, endplate erosions and airway compromise, which was reported subsequently by non-industry sponsored trials 11 .
A review by Carragee et al11 of 13 industry sponsored published studies on the clinical efficacy and safety of rhBMP-2 in spinal fusion suggest that these publications underestimated or failed to report the adverse events associated with the use of rhBMP. The morbidity of harvesting iliac crest bone graft (ICBG) was exaggerated because of invalid methodology and assumptions. The methodology, surgical techniques and study designs were biased against the controls resulting in difficulty for the readers to assess the safety and efficacy of rhBMP. Furthermore the conflict of interest statements were 'vague, unintelligible or were internally inconsistent'
11
.
The commonly cited reason for use of bone substitutes such as rhBMP is the morbidity associated with harvest of iliac crest bone. However a study by Howard et al 20 showed that in patients undergoing posterior lumbar fusion the incidence of pain over the iliac crest was similar in patients who had graft harvested and those who did not have iliac graft harvested. In this study 112 patients had posterior lumbar fusion and iliac crest bone graft was harvested through the midline incision in 53 patients and in the other 59 patients rhBMP was used for fusion. An independent investigator not involved in the care of the patients analysed the results. There was no statistical difference in the number of patients having iliac crest tenderness in the two groups. Only 10 patients had tenderness and pain over the same crest from where graft was harvested.
In June 2011 the United States Senate Committee on Finance initiated an inquiry, after allegations surfaced that physician authors had failed to report adverse events related to the use of rhBMP-2 in spinal fusion. The inquiry was set up to determine whether Medtronic, Inc. had 'improperly influenced peer-review studies' of their product rhBMP-2 (InFuse) in spinal fusion. The committee's sixteen month investigations revealed the following troubling evidence: 21 • Medtronic was deeply involved in 'drafting, editing and shaping the contents' of the industry sponsored publications and the physician consultants involved in these publications had received significant amounts of money in royalties and consultancy fee from Medtronic. The role of the company in editing was not disclosed in the publications. The report concludes with a warning that peer reviewed publication should not 'downplay potential risk and exaggerate benefits of a product 'since that could put patients' lives at risk. The report admits that collaboration between scientists and industry is necessary but the publications should remain untainted by industry bias and the journals must aggressively insist on full disclosures to remain credible 21 .
This saga of conflicts of interest attracted extensive media coverage which questioned the integrity of medicine, medical research as well as the peer review publications, and at the same time it raised questions about the trustworthiness of physicians and medical institutions.
These conflicts of interest are not confined to spine surgery but extend to other areas of orthopaedic surgery where there is a close relationship between the surgeon and the multibillion dollar orthopaedic device manufacturing industry.
Arthroplasty surgeon and the medical device industry
Joint replacement has become what has been described as a 'fashion trade', which cost the health services tremendous amount of money and where the patient becomes a 'fashion victim'. Surgeons believe that expensive newer hips are better and the 'manufacturing companies … scarcely let a year go by without introducing a "new improved" joint replacement which offer hitherto undreamt of (and unproved) advantages over older designs' 22 .
The question this poses is whether the Charnley low friction hip arthroplasty has not lived up to its expectation? To the contrary, Charnley type prostheses have produced unprecedented, good long term outcomes which have given a new lease of life to millions of people around the world.
Two decades ago Neuman et al 23 in a prospective study of 241 Charnley total hip replacements done between 1968 and 1974, using the first generation prosthesis and cementing technique, showed excellent long term results. The age of the patients ranged from 34 to 79 years and the mean follow-up was 17.6 years (15 to 20.6 years). Twenty two percent of the patients were below age of 55 years. A Kaplan-Meier survival analysis showed a 10.7% probability of revision at 20 years. The authors argued that a surgeon must 'justify his choice of technology by objective data...' and that they see 'no reason whatsoever to use expensive, sophisticated, often poorly documented designs on the basis of short term 'success''.
Malchau et al
24 did a validation study of patients randomised from the whole of Sweden rather than from one centre (bias elimination) to evaluate the outcome of 169,419 primary hip replacements done from 1979 to 1998. Of the 169,419 primary hip replacements, 158,614 were cemented, 5,559 were uncemented, and 5,246 were hybrid replacements. The revision rate of the cemented hips was 7% while for the uncemented hip was nearly double at 13%. Polyethylene wear only accounted for 0.5% of the revisions. For aseptic loosening the 10 year survival for cemented hips using modern cementing technique was between 93 to 97%. Despite the improvements in uncemented technology the results were still worse than the cemented hip replacements 24 .
Low risk of revision of metal on polyethylene bearing prostheses has continuously being reported by National Registries around the world, yet there is a rapid growth of technology offering alternative bearing surfaces, such as ceramic on ceramic and metal on metal, with the aim of reducing wear and hence delaying the time to revision. Serdrakyan et al 25 in a comparative assessment of implantable hip devices with different bearing surfaces have shown that the revision rates of metal on metal and ceramic on ceramic are higher than those with traditional bearing surfaces using metal on polyethylene.
Despite excellent results with traditional hip replacements, new prostheses with fashionable design features and with theoretical superior performance continued to be launched into the market without extensive clinical testing.
In 1991 3M Healthcare launched the Capital Hip in the UK and within six years, 4,669 hips had been implanted in patients. This hip had a 19% to 21% failure rate at 5 years which is four times more than traditional hips 26 .
In early 1990's Polymers Reconstructive, Denmark, introduced the Boneloc cement with theoretical superior properties, to reduce aseptic loosening. The outcome was disastrous, with a fourteen times higher incidence of loosening as compared to the conventional cement 27 . Within one and a half years migration of the acetabular and femoral component was evident.
Early to midterm failures have been reported with other newer prostheses introduced into the market. The ProxiLock hip (Stratec Medical, Switzerland) was associated with early migration of the femoral stem and failure to stabilise on further follow-up with the uncoated stems 28 . The Accord Knee (DePuy International Ltd, UK) showed very poor results at 8 to 10 years 29 . The St. Leger knee (Covision, UK) though cheaper than other knee prostheses, the functional scores, knee scores and survivorship was poorer with this prosthesis when compared with the conventional peers 30 .
In 33 . Genotoxicity of cobalt and chromium ion has been known since 1969 34 . Cobalt ion's link to cardiomyopathy has been known since 1966 35 , while hexavalent chromium as a proven carcinogen and trivalent chromium as a potential carcinogen, has been known since 1990 36 .
Despite previous failure of metal on metal prostheses and the known toxicity of metal ions that result from wear, new designs for metal on metal resurfacing hip began in Birmingham in 1989 and in 1991 the Birmingham resurfacing hip was first implanted. By 1997 this hip entered the European market (FDA approved it in 2006) and since it was proving popular Smith and Nephew acquired it. Not to lose the market share, DePuy came up with its ASR metal on metal resurfacing and total hip replacement prostheses which were introduced into Europe in 2003.
In 1996 Visuri et al 37 had reported a 3.77 fold increase in the incidence of leukaemia in patients with metal on metal hips (McKee hips) as compared to conventional metal on polyethylene hips. In 1998 Haynes et al showed that particles of cobalt and chromium were toxic to monocytes in culture 38 . Yet the sale of metal on metal hips continued and orthopaedic surgeons (including Malaysian surgeons) were eagerly joining the new wave of this 'fashion' trade.
In 2012, Deborah Cohen, the investigating editor of BMJ, reported on the evidence of risk from metal on metal hip devices, the lack of adequate response from manufactures to queries and the failure of regulatory bodies to provide the doctors and patients with the necessary information about these devices to help them make an informed decision. Her report highlighted that the average failure at 7 years of the resurfacing devices is 11.8% and 13.6% for the metal on metal hips compared to 3.3% to 4.9% for hip implants made from other materials 39 . The report also highlighted that while the normal blood levels of cobalt ion in healthy individuals is 0.5µg/L, with wear from the newer metal on metal hips it can reach levels over 300 µg/L. Varying levels ranging from 0.7µg/L to 217µg/L have been reported with various makes of metal on metal prostheses such Pinnacle, ASR-XL, Duron and Birmingham hips 39 . Unfortunately, estimates show that in England and Wales over 60,000 and in the US over one million, metal on metal devices had been implanted since . He received royalty payments for every hip implanted around the world (except those implanted in his hospital) and he continued to receive royalty payments even after he stopped using the implant in 2009 41 . Fifteen of his 66 (23%) ASR-XL implanted had failed and needed revision.
The saga of metal on metal hips with its increase in global burden of hip revisions and possible long term effect of the metal ions on the health of the patients have raised serious concerns among professionals and the public about the lack of regulatory framework as far as the introduction of joint replacement devices are concerned. A systemic review by Person et al showed that in England and Wales 24% of all hip replacement implants available to the surgeons have no evidence of their clinical effectiveness 42 .
There is no doubt that for innovation in orthopaedic surgery physician-industry collaboration is necessary. However this physician-industry interaction has led to increasing conflicts of interest with diminishing scientific objectivity. Due to failure of industry, physicians and institutions to selfregulate, the US Department of Justice, in 2005, alleging violations of the Federal Anti-Kickback Statute began investigations of financial payments made to orthopaedic surgeons by five largest makers of joint replacement devices. These companies were accused of 'using consulting agreements with orthopaedic surgeons as inducements to use a particular company's artificial hip and knee reconstruction and replacement product's' 43 . The investigations also revealed that, from late 1990's to 2006, physicians who did little or no work of value for the companies were rewarded consulting contracts, lavish trips and other incentives. Furthermore the doctors did not reveal these financial arrangements to medical centres as well as to their patients 43 . Criminal complaints were filed against four companies (Zimmer, DePuy, Biomet, and Smith & Nephew) who agreed to a deferred prosecution agreement. They also reached civil settlements with the Civil Division and Main Justice department and agreed to pay a combined total of $311 million to settle claims under the Anti-kickback statute and Federal False Claims Act. The fifth company Stryker Orthopaedic received a non-prosecution agreement for its cooperation with the US attorney's office. These five companies accounted for 95%, of the 5 billon dollars annual US sales and a 9 billion dollars worldwide sale, of the hip and knee replacement device market 43 .
In 2011, Johnson & Johnson (J&J) agreed to 'pay a $21.4 million criminal penalty as part of a deferred prosecution agreement with the Department of Justice to resolve improper payments by J&J subsidiaries to government officials in Greece, Poland and Romania in violation of the Foreign Corrupt Practices Act (FCPA)'. The company admitted to making improper payments to public healthcare providers in these countries to purchase its devices and pharmaceuticals 44 . In 2011, in the UK, DePuy was also ordered by the court to pay almost £5m for unlawful payments in Greece between 1998 and 2006 45 . Civil litigations and settlements involving the metals on metal hips are ongoing and the latest settlement reached was with Biomet in Feb 2014.
These new implants are a result of industry physician interaction which is often tainted with conflicts of interest. The new implants provide financial rewards for the industry and the surgeons involved, but unfortunately the patient becomes the victim of these innovations. The question that arises from this frequent failure of the newer implants is whether there is any way to prevent such catastrophic failures. The answer appears to be yes.
Sweden, where clinical roentgen stereophotogrammetic analysis (RSA) first originated, has one of the lowest revision rates in the world for hip and knee arthroplasty. Their success has been attributed to RSA and a meticulous follow up of the patients in their national arthroplasty registry. RSA is highly accurate to measure threedimensional migration of the prosthesis and it can show prosthesis translations of 0.2 to 0.3 mm and rotational migration between 0.2 to 1.2 degrees. Furthermore it only needs a short (1 to 2 years) follow up and a small cohort of 30 to 40 patients, to provide a detailed insight into the migratory behaviour of the prosthesis 46 . Nelissen et al showed a 22% to 35% reduction in the number of revisions of RSA-tested total knee replacements as compared with non-RSA-tested total knee replacements in the national joint registries of Sweden, Australia and New Zeland 46 . Implants with poor performance can be identified early with RSA and taken off the market at an early stage, hence preventing, widespread introduction of newer implants and large numbers of subsequent revisions. In fact, Nelissen has proposed a phased introduction of new implants which includes; (1) preclinical tests, (2) two-year clinical RSA trials, (3) larger multicentre clinical studies, and (4) post market surveillance in national registries. Without doubt this 'phased introduction of new prostheses, with RSA as an early qualitative tool, will establish safer and more effective patient care' 46 . National regulatory bodies should make passing a phased introduction test compulsory before allowing commercial use of any new prosthesis.
Newer prostheses are introduced with the hope that they last longer than the conventional prostheses, especially, in younger patients who need a joint replacement. However to date none of the newer designs have shown better results than the conventional designs. Schmitz et al 47 have shown excellent results with cemented total hip replacement in patients younger than 30 years of age. In their cohort of consecutive 48 patients (69 hips) with a mean age of 25 years (range 16 to 29 years), 2 patients were lost to follow up. The 10 and 15 years survival rates with aseptic loosening as an endpoint was 90% and 82% respectively. None of their revisions needed a re-revision within 10 years after reimplantation.
Many surgeons are swayed by industry sponsored opinion leaders who travel around the world as guest lecturers. We need to remind ourselves that the results of joint replacement in a general setting may not be as good as that reported from specialist joint arthroplasty centres where these industry sponsored lecturers come from. Fender et al48 assessed independently the outcome of Charnley hip arthroplasty in 1,152 patients across a single health region in the UK in 1990. They found a failure rate of 9% at 5 years which is more than double that reported by the Scandinavian Registers. There is a need to remind surgeons that only tried and tested implants should be used in a general setting. Joint arthroplasty should only be done in specialist arthroplasty centres where possible and all patients after the surgery need to be followed up meticulously and a national joint replacement register should be established to give patients the best possible care.
Besides conflicts of interest between the orthopaedic surgeon and the medical device industry, there is another multibillion dollar industry with which the surgeons have to interact in their daily practice and it is the pharmaceutical industry.
Orthopaedic surgeon and the pharmaceutical industry
Just as many orthopaedic surgeons are interested in newer prostheses there is a corresponding interest in newer medications to treat diseases. However there is a need for caution in jumping on the bandwagon of newer therapies knowing that there is widespread conflict of interest in the relationship between physicians and the pharmaceutical industry.
In 1999 Merck introduced a new Cox-2 inhibitor, Rofecoxib (Vioxx), as a safe and efficacious alternative to other nonsteroidal anti-inflammatory drugs (NSAIDs) for treatment of osteoarthritis. Krumolz et al49 were able to access Merck's documents as a result of a tort ligation which showed startling conflicts of interest. In 1996-97, a Merck sponsored study revealed that Rofecoxib reduced urinary metabolites of prostacyclin in healthy individuals by half. Prostacyclin and its analogues are potent vasodilators and they possess antithrombotic activity. At the request of Merck the authors altered the manuscript to say that 'Cox-2 may play a role in biosynthesis of prostacyclin' instead of saying that the biosynthesis of prostacyclin synthesis was reduced by Rofecoxib 49 . Despite the fact that Merck knew of the cardiovascular side effects of Rofecoxib, Merck in its new drug application to FDA in 1998, presented interventional studies that were 'generally small, had short treatment periods, enrolled patients at low risk of cardiovascular disease, and did not have a standardised procedure to collect and adjudicate cardiovascular outcomes' 49 .
In January 1999, Merck launched its Vioxx gastrointestinal outcome research (VIGOR) study, involving over 8,000 patients to show its gastrointestinal (GI) safety compared to Naproxen in the treatment of rheumatoid arthritis. In this study, the first nonendpoint safety analysis of Vioxx showed a '79% greater risk of death or serious cardiovascular event' in one treatment group compared with the other 49 . Despite this finding, the safety monitoring board, which had some members on the board with conflicts of interest, allowed the study to continue till its GI endpoint. The study showed that Vioxx was not more effective than Naproxen in the treatment of Rheumatoid arthritis but the GI adverse effects were reduced by half. The outcome of the VIGOR trial was published in the New England Journal of Medicine in Nov 2000. The authors concluded that the incidence of myocardial infarction was lower in the Naproxen group but the rate of death from cardiovascular causes was the same in both groups 50 . Only 5 years later, in Dec 2005, an editorial appeared in the same journal expressing concern, after more data was available from a tort litigation, that there were inaccuracies and deletions in the data regarding cardiovascular risk of Vioxx, submitted to the journal in the original VIGOR manuscript 51 . In fact Mukherjee et al had in 2001 raised the 'cautionary flag' that the 'annualised myocardial infarction rates for cox-2 inhibitors (Vioxx and Celebrex) were significantly higher than that in the placebo group' 52 . Merck, however, continued to investigate the use of Vioxx for other indications. In Feb 2000 the Adenomatous Polyp Prevention on Vioxx (APPROVe) trial began, to evaluate the reduction of risk of recurrent adenomatous colorectal polyps. It was a randomised, single blinded, placebo controlled trial. The study was terminated in September 2004, three months before the completion date because of increased incidence of myocardial infarcts and ischemic cardiovascular events 53 . Five of the authors of this study were Merck employees and the remainder who received consultancy fee asserted that the increased risks of cardiovascular events were seen only after an 18 months period. Further analysis of the data after publication showed that a flawed methodological approach was the reason for this conclusion 50 . In 2006, more than a year after the publication of the APPROVe study in 2005 in the New England Journal of Medicine, a correction was published in the same journal to remove the statement that the increased risk of cardiovascular was apparent only after 18 months 54 .
There were glaring failures of the peer review process of the medical journals. Flaws, mistakes and inaccuracies of Merck sponsored Vioxx publications escaped the peer review process of the New England Journal of Medicine which published both the VIGOR and the APPROVe studies. Articles favouring Vioxx, some of which were ghost written, appeared in several journals including the Annals of Internal Medicine and the journal Circulation 50 . Conflicts of interest were obvious but there was little outrage among the academics in this Vioxx saga which was 'bad news for industry, academics, journals, and the public 50 . In September 2004 Vioxx was withdrawn from the market while litigations and settlements between Merck and consumers are ongoing 55 .
In fact before the APPROVe trial began in early 2000, a Pfizer sponsored trial, the adenoma prevention with celecoxib (APC) trial had begun recruiting patients in November 1999. It was a large randomised controlled study to assess the effectiveness and safety of a Celecoxib 200mg twice a day, Celecoxib 400mg twice a day and placebo in reducing the incidence of colon and rectal polyps. After the findings of the APPROVe trial were known and the withdrawal of Vioxx in 2004, APC data and safety monitoring board, and the steering committee of APC requested a reassessment of data on cardiovascular safety by an independent committee. Based on the findings of the independent committee the use of Celecoxib in the remaining patients in the trial was stopped. The review of available data showed that there was a dose related increase in risk of cardiovascular events including deaths from myocardial infarcts, stroke and heart failure in patients on Celecoxib 56 .
The most scandalous failure of the peer review process was the case of Scott Ruben, a Professor of anaesthesiology in Boston, USA. He allegedly published 21 fraudulent articles, based on fabricated data, in leading peer review journals, including Anaesthesiology, Anaesthesia and Analgesia, and the Journal of Clinical Anaesthesia, among others, over a span of 13 years. The publications promoted the use of drugs such as Celebrex, Vioxx, Ketorolac, Oxycodone, and Pregablin, mainly in patients undergoing orthopaedic surgical procedures, while he had ties with the pharmaceutical industry 57 . In Feb 2010 he pleaded guilty to one count of healthcare fraud and the US Attorney's Office announced in June 2010, that Ruben was sentenced to 6 years in prison followed by 3 years supervised release and a $5,000 fine, restitution of $361,932 and forfeiture of $50,000 58 . This effectively ended his career as a doctor.
Gifts, free lunches and the pharmaceutical industry
Something is amiss in our healthcare system, which is highlighted by a complex, controversial and maybe unhealthy pervasive interaction between doctors and the pharmaceutical industry. This relationship starts in the medical school and continues through postgraduate training and last the lifetime of a physician 59 .
Moynihan has registered 15 forms of entanglement between the doctor and the pharmaceutical industry, ranging from trivial gifts (pens, pads), free meals, travel and accommodation expenses for 'educational' meetings, entertainment, trips, speaking honoraria, consultancy fee, and ghost writing of publications to name a few. Even medical journals and many medical societies interact and depend on corporate sponsorship 60 . This entanglement between doctors and industry is very widespread. Studies show that 80 to 90% of the doctors around the world regularly meet drug representatives and studies have also shown that the prescribing behaviour is influenced by gifts however trivial they are 60 . This interactions leads to a greater use of newer more expensive drugs and less use of generics despite lack of evidence of superiority of one over the other. It also leads to irrational and incautious prescribing behaviour 59 . Continuing medical education (CME) tops the list of ways in which the pharmaceutical companies interact with the doctors. In the US, close to a billion dollars annually are spent by pharmaceutical companies on CME for doctors 59 .
The Pharmaceutical companies claim that the cost of drugs is high because of the high cost of research and development (R&D). Such claims appear to be untenable. Large drug companies apparently spend between 15 to 17% of their income on R&D. The actual figures are not disclosed by the companies 61 . However, after deduction of corporate tax the actual cost for R&D should be lower. In the US, a major part of the initial research is done by academic centres, the government and other public and non-profit organizations. The National Institute of Health (USA) in 1995 found that 16 of the 17 key scientific papers that lead to the discovery and development of the five top selling drugs were from outside the pharmaceutical industry 61 . Most of the new drugs entering the market are modification of older drugs which are already in the market (called the 'me-too' drugs) 61 .
More money is spent by pharmaceutical industry on marketing than on R&D. Up to about 36% of the big pharmaceutical company's budget is spent on marketing and distribution and this can be as much as 12 to 15 billion dollars annually according to some estimates 61 . Here is where the expenses for the entanglement between doctors and industry come from. In the USA there were 88,000 sales representatives, according to a 2002 estimate, who were paid about 7 billion dollars a year to promote drugs directly to doctors in the hospitals. This raises a question as to whether doctors really need to be educated about the use of the drugs by these representatives when all the information is readily available on the web at the touch of a button. It is not so much about the information the doctor receives from sales representatives but it appears to be more about the gifts, free lunches and other inducements which influence doctor's prescribing behaviour. CME meetings are also a major platform used by the industry to advertise their products to doctors. The influence of the industry does not end here but extends to other areas of medical practice.
Orthopaedic surgeons in their daily practice have to make clinical decisions about the most appropriate way to handle specific clinical circumstances based on valid scientific evidence and critical evaluation of the evidence. Such decisions can sometimes be difficult due to time constraints and the extensive volume of scientific literature available in a given field of orthopaedic surgery. Clinical practice guidelines can fill the void by providing the best available evidence, which will fulfil the needs of most surgeons, when they are faced with decisions about the most appropriate healthcare intervention.
Orthopaedic surgeon and clinical guidelines
Clinical practice guidelines are 'systematically developed statements to assist practitioners and patient decisions about appropriate health care for specific clinical circumstances' 1 . In clinical practice these guidelines 'influence patient and physician decision about healthcare intervention…', hence they should be based 'on valid scientific evidence, critical assessment of that evidence and objective clinical judgement'
1 . Practice guidelines were first proposed by the Institute of Medicine in 1990 62 . Since then the number of clinical practice guidelines (CPGs) have grown rapidly. Currently the US national guideline clearinghouse contains 2,564 individual guideline summaries on various topics including orthopaedics 63 . The American Academy of Orthopaedic Surgeons (AAOS) has currently published 14 CPGs and is in the process of developing further guidelines 64 . An AAOS guideline can take about 12 to 24 months to develop and these guidelines have to be updated on a regular basis to remain relevant.
Clinical guidelines must be based on the highest level of evidence with elimination of financial or other bias and they should not become a 'marketing tool for device and pharmaceutical manufactures' 65 . When the biomedical and pharmaceutical industry and medical experts with affiliations to the industry, are involved in the development of clinical practice guidelines there can be conflicts of interest which may not be in the best interest of the patients and the healthcare providers.
In 2011, Norris et al did a systemic review of conflict interest in clinical practice guidelines development to 'describe the extent of conflict of interest (COI), both financial and intellectual, in clinical practice guidelines (CPGs) and to examine the effect of COI on recommendations within CPGs' 66 . Their review included studies where there was prevalence of conflict of interest, industry relationships, funding, or sponsorship in CPGs or among guideline panel members and authors, or there was the effect of such conflicts on guideline recommendations. They were only able to identify 12 studies which met the criteria and this reflects the paucity of studies on this topic. However, their review found 'a high prevalence of nondisclosure of COI among authors across a variety of clinical specialties', and where there was disclosures a high percentage of CPG authors reported COI 66 . The authors recommended that users of CPGs 'need to critically appraise CPGs considered for implementation, read disclosures and consider how they may have influenced recommendations, and seek to move forward research on unanswered questions'.
Other studies have also found conflicts of interest in the development of clinical practice guidelines. Bindslev et al, in a study on conflicts of interest in the development of clinical practice guidelines found that disclosures were rare and conflicts of interest were common 67 . 69 . Such research was conducted by Patient Outcome Research Teams (PORTs). One of the reasons for the near demise of such a useful agency was the result of conclusions of the PORT on low back pain. The PORT on back pain concluded that there was no evidence to support spinal fusion surgery for low back pain and that such surgery was frequently associated with complication 69 . The North American Spine Society attacked the literature review and initiated political lobby which resulted in 'rechristening' of AHCPR to the Agency for Healthcare Quality and Research (AHRQ) and the new agency withdrew from developing clinical practice guidelines 1 . Conflicts of interest in spinal surgery, especially in spinal fusion, as we now know are not uncommon 70 .
Evidence based practice CPGs undoubtedly play a useful role. It is however not all doom and gloom with CPGs because of conflicts of interest. The AAOS has taken several steps to combat bias in the development of clinical practice guidelines. A full conflict of interest disclosure from all authors is mandatory and the AAOS uses 'systematic, welldefined processes that make it possible for readers to scrutinize every aspect of the decision-making that went into an AAOS clinical practice guideline'. Clinical physician experts and methodologists jointly construct the guideline and evaluate the evidence. The AAOS strives to make the guidelines unbiased, transparent, and reproducible 71 .
CONCLUSION
The biomedical and the pharmaceutical industry dominate all aspects of the healthcare system. With its wealth and political clout, its influence is present everywhere, from the use of devices and drugs, research, publications, trials, medical societies, medical associations, education and even formulation of CGPs. There is no doubt that industry-doctor relationship can have benefits but at the same time it can have serious consequences for the patient. It raises questions about professional trustworthiness and professional credibility.
These doubts about the professional trustworthiness exist because the professionals allow it to be so for various reasons, the most obvious being financial incentives. The industry cannot sell what doctors do not use and prescribe. In orthopaedic surgery, the older well established devices are more reliable and cheaper and most of the newer drugs in the market for orthopaedic use are not superior to the ones that have been there for a long time. A careful evaluation of the devices and drugs used in orthopaedic surgery will confirm this. If we carefully look at our own and our colleagues practice it will be obvious that incautious use of newer medications, with no known superiority over the existing drugs, is widespread. Incautious use of medications and devices is not only expensive for the healthcare system but also harmful to the very people we are trying to help, that is the patient.
The Physician Charter 2002 has among its set of professional responsibilities, a commitment to maintaining trust (of the patient) by managing conflicts of interest. Physicians are advised to resist the many available 'opportunities to compromise their professional responsibilities by pursuing private gain or personal advantage' when 'compromises are especially threatening in the pursuit of personal or organizational interactions with for-profit industries, including medical equipment manufacturers, insurance companies, and pharmaceutical firms'
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Guidelines on managing conflicts of interest have been promulgated by most medical associations, medical academic institutions and other health bodies such as the Institute of Medicine (US). Besides the comprehensive recommendations by the Institution of Medicine 1 , the Association of American Medical Colleges (AMMC) in 2010 has also produced a comprehensive report on managing conflicts of intrest 73 . However many medical colleges and institutions are still struggling to implement the recommendations of the report 73 .
Self-compliance does not appear to be the solution as has been highlighted above. It appears that government intervention is needed to scrutinise financial ties between medical professionals and the industry. Legislations in US, such as the federal Sunshine Law, False Claim Act and the federal Anti-Kickback Statute have helped to regulate some of these conflicts of interest.
Without doubt an ethical interaction between the medical professional and the industry is necessary to serve the best interest of the patient but it should not be tempered by conflicts of interest which bring harm to the patient. An appropriate approach has to be adopted to raise our profession from the present awkward, complex and murky situation that exists today. The choice is finally ours whether to solve the problem or to continue being part of it.
